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节机制尚不明确。本试验以水稻为材料，通过施加 NO 供体硝普钠（sodium 
nitroprusside， SNP）、一氧化氮合成酶（ nitric oxide synthetase）抑制剂
（Nw-nitro-L-arginine，L-NNA）、硝酸盐还原酶（nitrate reductase，NR）抑制剂
（ Tungstate ） 和 一 氧 化 氮 清 除 剂 （ 2-(4-carboxy-phenyl)-4,4,5,5-tetra 
methylimidazadine-1-oxyl-3-oxide cysteine synthase，cPTIO），借助激光共聚焦、
实时荧光定量 PCR（quantitative real-time PCR，qRT-PCR）等实验手段，验证了
NO 对水稻磷元素吸收和转运的调控作用，取得了以下主要成果： 
（1）SNP 可以促进水稻对磷元素的积累，该促进作用具有浓度依赖性。SNP
处理浓度低于 30 μM 时，对水稻根中磷含量的积累都有较强的促进作用；而 30 
μM SNP 时，对地上部分磷含量积累的促进能力较 10 μM SNP 处理时有所降低；
SNP 浓度继续升高至 50 μM 时，对根中磷浓度的积累的促进作用也开始下降，
而此时地上部分磷含量已和 CK 无差别。 
（2）NO 可以调控水稻磷酸盐转运子的表达来调控磷的吸收和转运。随着
SNP 浓度的升高，参与磷吸收的转运子基因 OsPT10，OsPT6 和 OsPT8 的表达量，
分别在 5、10 和 30 μM 处理下达到最高；OsPT4 的表达量出现了先抑制后增强
的现象；编码行使磷酸盐转运功能的 OsPT2 基因，其表达量在 SNP 存在的情况
下会显著的提高。 
（3）NO 参与水稻磷酸盐吸收及转运机制的调控过程。高浓度的 NO 可以

















能力。SNP 的存在对 OsPHO2，OsPHR1 的表达则有显著的抑制作用，但对
OsPHR1 抑制程度与 SNP 的浓度有明显的相关性，SNP 可以促进 OsmiR399k 的























As one of the most important macro nutrient for biology, phosphorus composes 
many materials showed a widely biological function in metabolism. In the soil, only 
phosphate can be used by plants directly and exists in a shortage, leaving phosphate 
one of the limits for plant growth and yield. Therefore,it is very important to study the 
molecular mechanism of phosphate uptake and having scientific significance to find a 
measure to promote the uptake and translocation.  
Nitric oxide (NO) is a gaseous signal molecule and involves many cellular 
processes. Although its functions in abiotic stress have been proved, it is still unclear 
when it comes to mineral nutrients. In this study, NO donor (sodium nitroprusside, 
SNP), nitric oxide synthetase inhibitor (Nw-nitro-L-arginine, L-NNA), nitrate 
reductase inhibitor (Tungstate) and nitric oxide scavenger (2-(4 
-carboxy-phenyl)-4,4,5,5-tetra methylimidazadine-1-oxyl-3-oxide, cPTIO) are used. 
Depending on laser scanning confocal microscope and quantitative real-time PCR 
(qRT-PCR), the promotion of NO on phosphate uptake and translocation has been 
proved. The results are as follows: 
1. SNP has a concentration dependent promotion on phosphate accumulation in 
rice seedlings. Phosphate content both in the root and shoot showed a significant 
increasing when treated by SNP under the concentration less than 30 μM. When 
treated by 30 μM, the promotion stayed at same level in the root while dropped in the 
shoot compared with 10 μM treatment. Increasing the SNP concentration to 50 μM, 
promotion declined in the root while gone in the shoot. 
2. Nitric oxide enhances phosphate uptake and translocation by phosphate 
transporters, which showed a various responses. As SNP concentration increased, 
relative expression level of OsPT10, OsPT6 andOsPT8reached the highest at the 
concentration of 5, 10 and 30 μM respectively. The expression level of OsPT4 was 
















phosphate transporter gene related to translocation, was up-regulated by SNP at all 
treatments. 
3. Nitric oxide plays a role in the phosphate uptake and translocation mechanism. 
Nitric oxide up regulated the expression of OsMYB2P-1 and OsPHR2, then activated 
the expression of phosphorus starvation induced genes, finally up regulated the 
expression of several phosphate transporters as well as an acid phosphatase gene 
(OsPAP10), enhanced the uptake and translocation. SNP repressed the expression of 
OsPHO2and OsPHR1. A negative correlation showed between SNP concentration and 
OsPHR1. SNP also up-regulated the expression level of OsmiR399k, while repressed 
the rest of mature OsmiR399. 
All above, nitric oxide can activate phosphate uptake and translocation in rice 
seedlings, and promote the accumulation of phosphate by up-regulating phosphate 
transporters. This result can provide a theoretical support for research on mechanism 
of phosphate utilize efficiency. 
 


















ANF auranofin 金诺芬 
ATP Adenosine triphosphate 腺嘌呤核酸三磷酸 










DDH2O double distilled water 双蒸水 
DEPC diethy pyrocarbonate 焦磷酸二乙酯 
DNCB 1-chloro-2,4-dinitrobenzene 1-氯-2，4-二硝基苯 
dNTP deoxy-ribonucleoside triphosphate 脱氧核糖核苷三磷酸 
H2O2 hydrogen peroxide 过氧化氢 
HY1 haem oxygenase 1 血红素加氧酶基因 
L-NNA Nw-nitro-L-arginine Nw-硝基-L-精氨酸 
LSCM laser scanning confocal microscopy 激光扫描共聚焦显微镜 
M-MLV Moloney murine leukemia virus 莫洛尼氏小鼠白血病病
毒 




NiNOR nitrite: NO reductase 亚硝酸盐还原酶 
NOS nitric oxide synthetase 一氧化氮合成酶 
NR nitrate reductase 硝酸盐还原酶 
NTR thioredoxin reductase 硫氧还蛋白还原酶 
PAL phenylalanine ammonia lyase 苯丙氨酸裂解酶 
PCD programmed cell death 细胞程序性死亡 
PR-1 pathogenesis related 1 病原相关基因 
















RSNOs S-nitrosothiols 亚硝基硫醇 
SNP sodium nitroprusside 硝普钠 
SOD superoxide dismutases 超氧化物歧化酶 
TAE TAE Buffer 核酸电泳缓冲液 
TMV tobacco mosaic virus 烟草花叶病毒 
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